Kenaf is a biodegradable and environmental friendly bast fibre. The most rapidly expanding application field for kenaf fibre is composites as reinforcing material. In this study four different chemical treatments were applied to kenaf fibre by using conventional, ultrasonic and microwave methods. Weight loss, tensile strength, elongation properties, morphological characteristics (SEM) and FTIR analysis of the treated kenaf fibre were carried out. Valuable results were obtained from formic acid and acetic acid treatments of kenaf fibre by ultrasonic and microwave methods. The reasons for the ultrasonic and microwave processes to be successful are the strength achieved by sonication and microwave.
INTRODUCTION


Harms of the synthetic based polymers are discussed in recent years. Using of the natural materials instead of the synthetic based polymers is groving rapidly [1, 2] .
Properties of the natural fibers such as biodegradability, sustainability, good mechanical and thermal insulation properties, low density and price are increasing the usage of them [3 -5] . Some lignocelluloses based fibers, which are used in composites and garment production, are hydrophilic due to their strong polarized hydroxyl groups [6, 7] .
Good adhesion should be provided between environmental friendly fibres and matrix for the production of the composites [8] . Therefore, chemical surface treatments are applied to the natural fibers to improve the adhesion with matrix. After surface treatments degradation and swelling occurs on fibers.
Kenaf fibers are annual plant (hibiscus cannabinus L.) and belong to Malveceae family. It grows on warm climate zones of the world. Kenaf grows rapidly and reaches to 3 m. Kenaf is a stem fiber and fibers are obtained from the 34 -38 % of the stem. Kenaf fibers are processed by extrusion, molding and nonwoven processes due to their excellent tensile and flexural strength properties. Kenaf fibers are widely used in European automotive industry for sound insulation [9 -11] . Chemical surface treatments are required to increase the usage of the kenaf fibers in the industry. But conventional surface treatments consume too much water, chemicals and energy. Environmental friendly methods exist alternatively to conventional method. Surface treatments performed by using sound waves (ultrasonic) and microwave energy is alternative environmental friendly methods [12 -17] . Ultrasonic energy is occurred by rising microscopic bubbles known as cavitation [18, 19] . Cavitation has chemical and mechanical effects. For example, decomposing of high molecular mass by dispersion effect, and carries the chemicals to the capillaries of the fibers by degasing effect, these processes are performed by consuming low energy, low substances and in short time [19 -21] .
Another environment friendly method is using of microwave energy. Microwave is a high frequency radio waves located between 30 MHz -30.000 MHz on infrared spectrum [22] . Microwave energy is used in drying, dyeing and printing processes due to its rapid and energy efficient properties [21] . In order to apply microwave energy to a material, material should have dielectric loss and dipolar electric charges should occur in the material when electromagnetic field applied. Therefore, aqueous structures or structures existing in water are suitable for the microwave heating due to easy dipolar electric charge composing properties of the water molecules.
Microwave energy method is defined as environment friendly method because of its accelerator and time reducing effects on chemical processes. Using the microwave energy in textile wet processes is related with application, research and development studies which enclose application areas of heating up, drying, condensation, dying and printing processes [23 -26] . Microwave energy method proved its environment friendly effect, especially on polyester dying, coloration of flax and cotton, surface treatments of cellulosic and protein based fibers [27 -29] .
In this study, four different chemical treatments were applied to kenaf fibre by using conventional, ultrasonic and microwave methods. Than weight loss, tensile strength, elongation properties, morphological characteristics (SEM) and FTIR analysis of the treated kenaf fibre were carried out.
EXPERIMENTAL
Materials
Kenaf fibres were collected from South Africa. Their overall lengths were between 30 mm and 60 mm. The kenaf fibres were washed with water to remove the adhering dirt (20 °C distilled water for 30 min). They were dried in an oven at 70 °C for 4 hours. After treatments they were conditioned for 48 hours prior to testing under 20 ± 2 °C and 65 ± 2 % RH conditions.
Fibre treatments
Kenaf fibres were exposed to three processes: Table 1  and Table 2 show the procedures and temperature-time settings of the conventional, ultrasonic and microwave processes. Conventional process was applied in laboratory condition. Branson B2200B E4 (220 V and 205 W) ultrasonic bath was used for the ultrasonic method with 20 kHz frequencies. Microwave method was performed by using Kenwood Mw 440 at a frequency of 2.45 GHz. The microwave oven was set to Medium-Low (M-L) power of 350 W. The samples were placed in a sealed glass vessel and treated by the microwave energy according to the experimental design.
Analytical methods
The weight loss was determined on atmospherically conditioned kenaf fibres after different treatment processes. The weight loss percentage (Wj) was calculated from the differences in weight using the following equation:
where Wpre is the weight of the conditioned fibres prior to pre-treatment and Wafter is the weight after performed pretreatment. 
Testing and characterization of kenaf fibres after chemical treatments
Mechanical properties of the kenaf fibres after treatments were determined according to ASTM D 3822 test method by using Instron 4411 (50 N load, 10 mm/min speed) tensile test instrument. Morphology properties were investigated by using JEOL JSM-5410 LV Scanning Electron Microscope operated at 20 kV.
FTIR spectroscopy test
The attenuated total reflectance-Fourier transform infrared (FT-IR) characterization of the fabrics has been determined using a Perkin Elmer Spectrum 100 FT-IR model spectrophotometer. The Fourier transform infrared attenuated total reflection (FT-IR) spectra were recorded on a Perkin Elmer Spectrum 100 FTIR model spectrophotometer with accessory diamond. Afterwards, the analysis was performed using a Perkin Elmer Spectrometer (Spectrum 100). The FT-IR spectrum of kenaf fibers were recorded in the range of 4000 -380 cm -1 (resolution: 2 cm -1 ).
RESULTS AND DISCUSSION
Weight loss of kenaf fibres
Swelling is a physic chemical phenomenon, occuring when natural fibres contact with water and chemicals. Water molecules penetrate into the voids of the fibers open the hydrogen bonds and make the cellulosic fibers adequate for swelling. During the swelling process hydrogen bonds of the cellulose molecules are broken and water molecules migrate among the hydrogen bonds. Thereby, water molecules bonds to the OH -groups of the cellulose fibers by the help of hydrogen bonds and as a result of these phenomenon cellulose fibers begins to swell. The degree of the swelling depends on to the free hydroxyl groups of the fiber [30] .
Several factors affect the swelling of the cellulose such as ratio of the crystalline and amorphous zones, amount of the OH groups, concentration and type of the solvent. Also degree of the swelling changes depending on the temperature, pH, acidic groups, concentration of the electrolyte, environmental and chemical factors [31] .
Weight loss results of the kenaf fibre after chemical treatments are given in Fig. 1 . Chemical treatment processes on the decomposition of impurities and natural pigments are generally characterized by weight loss. It is evident from the results that using NaOH, formic acid and acetic acid caused weight lost [48 -50] . Higher weight losses were obtained by ultrasonic and microwave methods in all processes, by the help of the sonication and microwave energy. By the rapid and short microwave energy method, after acetylation process, chemicals extended the morphological structure of the kenaf fibre. As a result of the measurements; acetic acid caused the fiber to lose less weight than other chemicals.
Fibre tensile strength and elongation test
Morphological structure of the fiber, crystalline and amorphous zone ratios and orientations, physical and chemical properties affect the mechanical properties of the lignocellulose-based fibers. Moisture absorption capabilities of the lignocellulos fibers change according to structure of the fiber. Treatment of the cellulosic fibers increases the distribution of the fibers in composites. Also treatment processes roughen the surface of the fiber and applications of chemical vapour increase the mechanical properties of the cellulosic fiber reinforced composites [32] . Fig. 2 and Fig. 3 show the tensile strength and elongation properties of the kenaf fibres after conventional, ultrasonic and microwave chemical treatment processes.
Fig. 2.
Tensile strength values of untreated and NaOH, NaOH + ethanol, formic acid and acetic acid treated kenaf fibers According to the tensile strength results tensile strength of the kenaf fibre increased after all chemical treatments by using all methods. Better results were obtained by using alternative ecological methods (ultrasonic and microwave methods) than conventional method. Higher tensile strength and elongation properties were obtained from NaOH + ethanol, acetic acid and formic acid treatments than NaOH treatment. NaOH treatment is a conventional mercerization process, which removes the part of lignin and hemicellulose and help the fiber getting wet easily [33] .
Alkali treatments also affect the cellulose fibrils and decrease the polymerization degree of the cellulose and affect the quantity of the lignin and hemicelluloses removed from the fiber [34] . Therefore, amorphous zones of the fibers increase so elongation properties of the kenaf fibers increase [35, 36] . By the alkali process oil and wax of the cellulose fibers are partially removed and many open cellulose open ends occurred. Therefore, free energy of the fiber surface was increased, fiber surface was roughened and mechanical bonding occurred between fiber and polymer matrix. Fig. 3 . Elongation values of untreated and NaOH, NaOH + ethanol, formic acid and acetic acid treated kenaf fibers Tensile strength and elongation properties of the NaOH + ethanol treated kenaf fibers were better than NaOH treated kenaf fibers. The reason of that is kenaf fibers first treated with NaOH and then treated with Ethanol, by the activation of the -OH groups of the ethanol, hydroxyl groups of the cellulose and lignin were affected [37, 38] .
Tensile strength and elongation properties of the formic acid treated kenaf fibers were higher than the NaOH and NaOH + ethanol treated kenaf fibers. Baley at al. indicated that formic acid treatments have improved the wettability, surface energy and mechanical properties of the fibers better than the alkali treatments [39] . Formic acid diffused into the fiber better than NaOH and improved the mechanical properties by the help of ultrasonic energy and microwave energy methods. Oils and waxes were removed by the formic acid so kenaf fibers were fibrillated and elongation properties were improved due to the increasing of the amorphous areas, without decreasing the tensile strength properties.
Application of acetic acid (CH3COOH) to the cellulosic fibers is known as acetylation or esterification method [40, 41] . Tensile strength and elongation properties of the acetylated kenaf fibers were higher than the NaOH, NaOH + ethanol and formic acid treated kenaf fibers. Acetylated fibers interact with hydroxyl groups, which are situated on the cell wall, thus become effective between cross linked lignin and cellulose [42 -44] . After acetylation, fibrillary structure is increased and also amorphous structure is developped due to the changes occurred on cell wall. So elongation properties of the kenaf fiber are increased. Mechanical properties of the treated kenaf fibers were better when treated by using ecological processes (ultrasonic and microwave). By using ultrasonic process, micro bubbles caused by ultrasonic energy carry chemicals into the kenaf fibers. Chemicals are carried into the kenaf fibers in the form of wave of the ultrasonic energy. Thus, molecules of the chemical substances are carried in a short time without harming the fiber morphology. Because of that reason, molecular chains of the kenaf fibers are not damaged and tensile strength and elongation properties of the fibers are higher than conventional process. The best mechanical properties were obtained by using microwave energy treatment process. Microwave energy system creates high frequency and dielectric heating system and molecular structures of kenaf fibers move side-by-side because of the electric field created by the microwave energy. During this movement, the friction raises spectacular heat. This heating starts in every point of the fiber not only on the surface and starts at the same time so this heating effect occurs rapid and uniform. Therefore, high speed and effective heating is occupied in a short time. In the liquid, molecules of the chemical substances are diffused into the kenaf fibers efficiently. That's why heating of a material by using microwave energy is more economic than conventional process. Mechanical properties of the fibers are not affected negatively due to the short reaction time. Even, better wrinkle recovery resistance and tensile strength results were obtained by using microwave energy than conventional process on the esterification of the cotton fibers [45 -48] .
FTIR spectroscopy
The effects of fibre treatments on the kenaf fibre surfaces were also studied by using FTIR (Fig. 4) . Peak values of the acetic acid treated kenaf fibers were investigated till 4000 cm -1 band. According to the spectra 1500 cm -1 is lignin, 664 cm -1 is COOH and 1450 cm -1 is CH2 peaks. The peak at 2900 cm -1 is attributed to the CH stretch of the microwave treated kenaf fibers. Kenaf fibres treated with acetic acid by using conventional, ultrasonic and microwave methods show the absorption band of carbonyl stretching at 1730 cm -1 . The peak at 1730 cm -1 is attributed to the C = O stretching of the acetyl groups of hemicellulose. The removal of hemicellulose from the fiber surfaces causes this peak to disappear [15, 16] . The peak at 1233 cm -1 , which is C = O stretch of acetyl group of lignin is reduced. This was due to the partial removal of lignin from the fiber surface [16, 17] .
Fibre surface morphology
Morphology of the acid treated kenaf fibers by using conventional, ultrasonic and microwave methods were investigated and SEM micrographs are given in Fig treated kenaf fiber by using conventional method; cacetic acid treated kenaf fiber by using ultrasonic energy method; d -acetic acid treated kenaf fiber by using microwave method Acetylation reaction of the acetic acid treatment was effective on the SEM surface morphology of the kenaf fibers. Impurities, inorganic substances, oils and waxes, and non-cellulosic substances were removed from the fiber surface. Chemical treatment of the fiber can clean the fiber surface, chemically modify the surface and increase the surface roughness. Chemical treatments with acetic acid by means of microwave and ultrasonic energy, the outer layers of parenchyma cells have been removed to expose the inner fibres. Fig. 5 c and d show that outer layer of kenaf fibres were removed more by using microwave and ultrasonic energy processes. As seen from the SEM micrographs, fibrillation occurred on the surface of the kenaf fibers by using microwave energy treatment in a short time and without damaging the molecular structure and without decreasing the mechanical properties [40] .
CONCLUSIONS
According to the tensile strength and elongation properties of the untreated and treated kenaf fibers higher tensile strength and elongation properties were obtained by using ultrasonic and microwave processes. Microwave process was more effective than the ultrasonic process. The reason for the ultrasonic and microwave processes to be successful is the strength achieved by sonication and microwave energy. Ultrasonic energy and microwave processes provide both energy and time saving. Also microwave is more effective than ultrasonic energy in chemical reactions. Considering all these results, formic acid and acetic acid methods were found to adequately modify the fibre's surfaces. In this study, %weight loss increase is outstanding with the success of ridding the impurities. Weight loss results can be correlated with mechanical test results, which can be treated as a proof for enhanced interfacial interactions with ultrasonic energy and microwave treatments.
